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57 ABSTRACT 
A method of treating a silicon single crystal ingot which 
comprises the steps of purposely producing lattice 
strains in a silicon single crystal ingot, annealing the 
ingot at high temperature, and etching off the surface of 
the annealed ingot, thereby suppressing the occurrence 
of lattice defects. 

35 Claims, 7 Drawing Figures 
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1. 

METHOD OF TREATING ASILICON SINGLE 
CRYSTALINGOT 

BACKGROUND OF THE INVENTION 

This invention relates to a method of treating a silicon 
single crystal ingot used in the manufacture of a semi 
conductor device, and more particularly to a method of 
treating a silicon single crystal ingot to suppress the 
occurrence of lattice defects in the silicon single crystal 
during the manufacture of a semiconductor device. 

Silicon is a most important material of a semiconduc 
tor device. Recent development of a large scale inte 
grated circuitry has come to demand a silicon single 
crystal having a more perfect crystal structure. Lattice 
defects of a silicon single crystal such as stacking faults, 
dislocations and precipitates very adversely affect the 
properties and performance of a semiconductor device 
manufactured from the silicon single crystal. Stacking 
faults in particular exert very harmful effects on a semi 
conductor device. For example, the stacking faults in 
crease leakage current at P-N junctions, or reduce the 
period during which carriers are stored in a charge-cou 
pled device. As mentioned above, lattice defects of a 
silicon single crystal undesirably cause many disquali 
fied semiconductor devices to be produced, eventually 
decreasing the yield thereof. 
The above-mentioned lattice defects are formed dur 

ing the manufacture of a semiconductor element from a 
silicon single crystal ingot. The occurrence of stacking 
faults in particular is largely affected and accelerated by 
the presense of impurities such as oxygen, carbon and 
heavy metals which are unavoidably carried into a sili 
consingle crystal ingot during its growth. The stacking 
faults tend to arise prominently when the silicon single 
crystal undergoes oxidation treatment at high tempera 
ture. 
To date, some processes have been proposed to sup 

press the occurrence of the lattice defects. One prior art 
process is to generate a mechanical strain field on the 
back side of a wafer cut out of a silicon single crystal 
ingot, thereafter the wafer is heat treated at high tem 
perature. However, this conventional process which 
treats the respective wafers is very troublesome, and 
moreover has to be carried out with respect to all the 
semiconductor-manufacturing steps in which the stack 
ing faults are likely to take place. Therefore, this con 
ventional process for treating the wafer makes the man 
ufacture of a semiconductor device very inefficient. 

SUMMARY OF THE INVENTION 

It is accordingly the object of this invention to pro 
vide a method of treating a silicon single crystal ingot 
which suppresses the occurrence of lattice defects in a 
silicon single crystal during the manufacture of a semi 
conductor device from said silicon single crystal ingot. 
The inventive process ensures the quantity production 
of the semiconductor device. 
According to this invention, there is provided a 

method of treating a silicon single crystal ingot which 
comprises the steps of purposely producing lattice 
strains on the surface of the silicon single crystal ingot; 
annealing the ingot at high temperature; and etching off 
said surface of the annealed ingot, thereby suppressing 
the appearance of lattice defects during the subsequent 
manufacture of a semiconductor element. 
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BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a schematic perspective view of a silicon 

single crystal ingot grow by the pull method; 
FIG. 2 is a schematic perspective view of a silicon 

single crystal ingot in which lattice strains were pur 
posely produced by grinding the surface of the ingot to 
shape it into a regular round columnar form; 
FIG. 3 is a schematic perspective view of the silicon 

single crystal ingot of FIG. 2 which was annealed to 
form an oxide film on the surface; 
FIG. 4 is a schematic perspective view of the silicon 

single crystal ingot of FIG. 3 with its surface etched off; 
FIG. 5 is a schematic perspective view of the treated 

silicon single crystal ingot and wafers sliced off there 
from; 
FIG. 6 is a microscopic photograph of a Sirtl-etched 

wafer sliced off from a silicon single crystal ingot which 
was subjected to treatment of this invention, and later 
oxidized; and 
FIG. 7 is a microscopic photograph of a Sirtl-etched 

wafer sliced off from a silicon single crystal ingot which 
was not subjected to treatment of this invention, but 
only oxidized. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The treating method of this invention is suitably ap 
plicable to a silicon single crystal ingot. This silicon 
single crystal ingot is generally grown by the Czochral 
ski method or the float zone method. The treating 
method of the invention is applied to a silicon single 
crystal ingot grown by the Czochralski method in the 
direction of, for example, (111) with a diameter of about 
75 mm. 
The first step of purposely producing lattice strains 

on the surface of a silicon single crystal ingot 1 is ef 
fected by mechanical grinding or ion implantation of, 
for example, argon or xenon, or formation of an oxide 
layer. Most convenient is the process of mechanically 
grinding the surface of the silicon single crystal ingot to 
manufacture the ingot in a round columnar form and to 
produce lattice strains thereon. In this case, the surface 
of the siliconsingle crystal ingot 1 is ground by a center 
less grinder, thereby providing a round columnar ingot 
2 of FIG. 2. 

In the second step, preferably, the round columnar 
ingot 2 is annealed with heat applied at least 15 hours at 
a temperature of 1000 to 1200° C., followed by slow 
cooling at a smaller rate than 100° C./min. Where heat 
ing is applied at a lower temperature than 1000 C., 
impurities in the silicon single crystal ingot 2 are not 
fully diffused, failing to provide a satisfactory effect. It 
is more preferred to heat the ingot 2 from 15 to 100 
hours at a temperature of 1050” to 1100° C. The kind of 
atmosphere in which said annealing is carried out is not 
subject to any particular limitation. However, an atmo 
sphere of wet or dry oxygen gas is preferred. This oxi 
dizing atmosphere forms an oxide layer 3 on the surface 
of the silicon single crystal ingot 2, therefore the oxide 
layer 3 further generates lattice strains on said surface. 
Also preferred is an atmosphere of inert gas such as 
nitrogen or argon gas. However, heating in an atmo 
sphere of inert gas should preferably be continued 
somewhat longer than in an oxidizing atmosphere. The 
subsequent slow cooling should be carried out prefera 
bly at a smaller rate than 100° C./min or more prefera 
bly than 50 C./min. The reason is that quenching of a 
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highly heated silicon single crystal ingot tends to cause 
slip lines to be formed from the surface of said ingot to 
the interior thereof, and in some cases leads to the possi 
bility of said ingot being broken. 

In the last step, the silicon single crystal ingot 2 an 
nealed in the preceding step has the surface etched off. 
This etching is effected by dipping the ingot 2 in an 
etchant formed of a mixture of hydrofluoric acid and 
nitric acid (typically mixed in the ratio of 1:4). The 
surface portion of the ingot 2 which should be etched 
off is that in which lattice strains are produced in the 
first step, or that on which the oxide layer 3 is depos 
ited, and those areas lying more inward than these por 
tions. If the surface of the ingot 2 is etched off to a depth 
of about 500 microns, it will well serve the purpose, 
though said depth may vary with the condition in 
which the annealing of the second step is undertaken. 
With a silicon single crystal ingot 5 treated by the 

above-mentioned method of this invention, not only 
impurities previously present in the ingot are substan 
tially removed, but also lattice defects do not arise in a 
silicon wafer during the subsequent manufacture of a 
semiconductor element. These favorable events are 
assumed to result from the fact that impurities such as 
oxygen, carbon, and heavy metals present in a silicon 
single crystal ingot diffuse into those portions of the 
ingot in which lattice strains are produced and later are 
etched off. 

Silicon wafers 5 are sliced off by, for example, a 
diamond cutter from a silicon single crystal ingot 4 
treated as described above. The wafer 5 is lapped and 
polished to be used as a semiconductor substrate. 
The following tests were made of the occurrence of 

lattice defects during the manufacture of a semiconduc 
tor device made from silicon wafers sliced off from a 
silicon single crystal ingot treated by the method of this 
invention. The silicon wafer was oxidized 40 minutes in 
an atmosphere of wet oxygen gas at 1 100 C. The oxide 
layer was etched off by hydrofluoric acid, followed by 
the Sirtl-etching. A micrograph was taken of the resul 
tant wafer under a Nomarski interference microscope. 
The micrograph shows that the silicon wafer cut out of 
the silicon single crystal ingot treated by the method of 
this invention only indicated shallow pits 6 but not 
stacking faults, as illustrated in FIG. 6. In contrast, test 
made of the prior art silicon wafer obtained from a 
silicon single crystal ingot which was not treated by the 
method of this invention show that, as seen from FIG. 
7, not only shallow pits 7 but also numerous stacking 
faults 8 appeared. 
The above tests prove that the treating method of this 

invention effectively eliminates stacking faults ad 
versely affecting the properties and performance of a 
semiconductor device. Moreover, the treating method 
of the invention is directly applicable to a silicon single 
crystal ingot and offers greater convenience and proves 
more adapted for quantity manufacture of a semicon 
ductor device on an industrial scale than the prior art 
process. Therefore, application of the treating method 
of the invention makes it possible to manufacture a 
semiconductor device, particularly a large scale inte 
grated circuit efficiently with high yield. 
This invention will be more fully understood by ref. 

erence to the following example. This example is in 
tended to indicate the effect which the heating time 
applied during the annealing step exerts on suppression 
of lattice defects. 
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4. 
EXAMPLE 

Eight silicon single crystal ingots prepared by the 
Czochralski method had the entire surface ground by a 
centerless grinder into the round columnar form. The 
eight ground ingots were heated for a certain length of 
time at 1100 C. in an atmosphere of wet oxygen gas. 
The eight different lengths of heating time applied at 
1100° C. for the round columnar ingots were 1 hours, 2 
hours, 5 hours, 10 hours, 5 hours, 24 hours, 36 hours 
and 48 hours, respectively. The surface of the annealed 
sample ingots was etched off by an etchant formed of a 
mixture of hydrofluoric acid and nitric acid. Wafers 
were sliced off from the eight etched sample ingots. 
Wafers were provided to carry out the same tests as 
previously described. The surface of Sirtl-etched wafers 
were observed under the Nomarski interference micro 
scope. A large number of stacking faults appeared in the 
wafers sliced off from the ingots heated 1 hour and 2 
hours respectively. The wafers obtained from the ingots 
heated 5 hours and 10 hours respectively indicated 
stacking faults at the center, though not in the periph 
eral portion. The wafers cut out of the ingots heated 
more than 15 hours were free from stacking faults, but 
still indicated other lattice defects than stacking faults, 
for example, shallow pits. The density of such lattice 
defects accounted for about 40% for wafers derived 
from the 15-hour heated ingot; about 20% for wafers 
resulting from the 24-hour heated ingot; about 10% for 
wafers obtained from the 36-hour heated ingot; and 
about 10% even for wafers sliced off from the 48-hour 
heated ingot. As described above, the occurrence of 
other lattice defects than stacking faults became less 
noticeable as the heating time of the second step was 
extended longer. 
What we claim is: 
1. A method of preparing silicon wafers from a sili 

con, single crystal ingot comprising the steps of: 
purposely producing lattice strains in the surface of 

the silicon, single crystal ingot, 
heating the ingot at least 15 hours at a temperature 
between 1,000 C. and 1,200 C., 

cooling the ingot 
etching off the surface of the ingot to at least the 

depth that the lattice strains are purposely pro 
duced, and 

cutting silicon wafers from the etched ingot. 
2. The method of claim 1 wherein the lattice strains 

are produced by mechanically grinding the surface of 
the ingot. 

3. The method of claim 1 wherein the lattice strains 
are produced by implanting ions in the surface of the 
ingot. 

4. The method of claim 1 wherein the lattice strains 
are produced by forming an oxide layer on the surface 
of the ingot. 

5. A method of preparing silicon wafers from a sili 
con, single crystal ingot comprising the steps of: 

mechanically grinding a surface on the silicon, single 
crystal ingot to produce lattice strains therein, 

heating the ingot at least 15 hours at a temperature 
between 1,000 C. and 1,200 C., 

cooling the ingot and 
etching off the surface of the ingot to at least the 

depth that the lattice strains are purposely pro 
duced, and 

cutting silicon wafers from the etched ingot. 
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6. The method of claim 5 wherein the silicon, single 
crystal ingot is prepared by the Czochralski method. 

7. The method of claim 5 wherein the silicon, single 
crystal ingot is prepared by the float zone method. 

8. The method of claim 5 wherein the step of mechan 
ically grinding comprises grinding the ingot with a 
centerless grinder to produce a round columnar ingot. 

9. The method of claim 5 wherein the heating temper 
ature is between 1,050 C. and 1,100 C. 

10. The method according to claim 5 wherein the 
heating temperature is 1,100 C. 

11. The method according to claim 5 wherein the 
heating is carried out in an oxidizing atmosphere. 

12. The method according to claim 5 wherein the 
heating is carried out in an inert atmosphere. 

13. The method according to claim 11 wherein the 
oxidizing atmosphere is selected from the group consist 
ing of dry and wet oxygen gases. 

14. The method according to claim 5 wherein the 
heating step is continued from 15 to 100 hours. 

15. The method according to claim 5 wherein the 
heating step is continued from 15 to 36 hours. 

16. The method according to claim 5 wherein an 
etchant formed of a mixture of hydrofluoric acid and 
nitric acid is used in the etching step. 

17. The method according to claim 5 wherein about 
500 microns is etched off the surface of the ingot. 

18. The method of claim 5 wherein the ingot is cooled 
at a rate not greater than 50 C. per minute. 

19. The method of claim 1 wherein the lattice strains 
are produced by mechanically grinding the surface of 
the ingot. 

20. The method of claim 1 wherein the lattice strains 
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21. The method of claim 3 wherein the lattice strains 

are produced by forming an oxide layer on the surface 
of the ingot. 

22. The method according to claim 5 wherein the 
ingot is cooled at a rate not greater than 100° C. per 
minute. 

23. The method according to claim 1 wherein the 
ingot is cooled at a rate not greater than 100° C. per 
minute. 

24. The method of claim 1 wherein the silicon, single 
crystal ingot is prepared by the Czochralski method. 

25. The method of claim 1 wherein the silicon, single 
crystal ingot is prepared by the float zone method. 

26. The method of claim 1 wherein the heating tem 
perature is between 1,050 C. and 1,100° C. 

27. The method according to claim 1 wherein the 
heating temperature is 1,100 C. 

28. The method according to claim 1 wherein the 
heating is carried out in an oxidizing atmosphere. 

29. The method according to claim 1 wherein the 
heating is carried out in an inert atmosphere. 

30. The method according to claim 1 wherein the 
oxidizing atmosphere is selected from the group consist 
ing of dry and wet oxygen gases. 

31. The method according to claim 1 wherein the 
heating step is continued from 15 to 100 hours. 

32. The method according to claim 1 wherein the 
heating step is continued from 15 to 36 hours. 

33. The method according to claim 1 wherein an 
etchant formed of a mixture of hydrofluoric acid and 
nitric acid is used in the etching step. 

34. The method according to claim 1 wherein about 
500 microns is etched off the surface of the ingot. 

35. The method of claim 1 wherein the ingot is cooled 
are produced by implanting ions in the surface of the 35 at a rate not greater than 50° C. per minute. 
ingot. 
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